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Lateral target strength of Antarctic krill
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An area of high krill (Euphausia superba Dana) density was continuously monitored
with down-looking and side-looking sonars over a period of 24 h. Measurements of
volume backscattering strength were used to describe the density of krill with depth
and the vertical movement of krill over time. In situmeasurements were made of dorsal
aspect target strength (TS) and, as krill moved into the near-surface layer (0–15 m),
in situ measurements were made of lateral-aspect TS. The probability density function
(PDF) of TS measurements made with the down-looking transducer had a mode at
approximately "73 dB. The PDF of TS measurements made with the side-looking
transducer was broader with a mode at approximately "67 dB. Sampled krill had a
bi-modal length distribution with a major mode at 44 mm and a minor mode at
approximately 30 mm.
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Introduction

Acoustic surveys of Antarctic krill (Euphausia superba
Dana) are biased when the animals migrate above the
observation window of down-looking transducers
(Demer, 1994). Although the major portion of krill
biomass is concentrated above 150 m, Miller and
Hampton (1989) estimated that 40% could be concen-
trated in the uppermost 5 m at night. Three approaches
to minimizing this bias are: (1) surveying only during the
hours when the krill reside within the ensonified range;
(2) adjusting the observed density observations with
a temporal compensation factor (Demer and Hewitt,
1995); and (3) directly estimating the abundance of krill
in the near-surface layer using side-looking sonars.
The use of side-looking sonars for quantitative sur-

veys requires knowledge of the reflective properties of
krill when ensonified from the side (Everson and Bone,
1986). This paper presents a set of in situ measurements
of lateral aspect target strength (TS) of krill at 120 kHz.
These data may be useful in interpreting measure-
ments of volume backscattering strength made with a
calibrated side-looking echo-sounder.
To convert measurements of volume backscattering

strength to estimates of animal density, recent analyses
of acoustic surveys for krill have used an empirical
model of krill TS, derived only as a function of animal
length (Greene et al., 1991; Hewitt and Demer, 1993;
Trathan et al., 1995). However, this model does not

explicitly account for animal orientation relative to the
ensonifying beam. Calculations made by several investi-
gators (Greenlaw et al., 1980; Sameoto, 1980; Stanton
et al., 1993; Demer and Martin, 1995) indicate that
changes in animal orientation may be the largest source
of variability. Additional variability in observed TS
measurements may result from incorrectly judging
multiple animals within the sampling volume as single
individuals (Hewitt and Demer, 1991). A threshold bias
is also possible when valid TS measurements from single
animals cannot be distinguished from noise; average TS
derived from measurements of individual scatterers may
be thus overestimated (Foote et al., 1993). For these
reasons, lateral aspect in situ TS measurements are
presented as a probability density function (PDF)
and compared with the PDF of dorsal aspect TS
measurements recorded concurrently.

Methods

A surface float was drogued at 15 m depth and set
adrift approximately 10 km north of Elephant Island,
Antarctica in an area of high krill density. Surveying
with down-looking and side-looking sonars, acoustic
data were collected within 1 km of the buoy over a 24 h
period on 10–11 March 1994. Measurements of volume
backscattering strength described the vertical movement
of krill over time. In situ measurements were made of
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dorsal aspect TS and, as krill moved into the near-
surface layer (0–15 m), in situ measurements were
made of lateral aspect TS. System calibrations were
performed before and after the experiments at Ezcura
Inlet, King George Island, Antarctica (Demer et al.,
submitted).
TS measurements were made with two 120 kHz split-

beam transducers: one mounted on a faired blister
extending approximately 0.5 m from the hull of the ship
(5.1 m from the water surface), the other mounted in
a towed body (7–10 m from the water surface) and
oriented to be side-looking (Fig. 1). Both transducers
were narrow beam and circularly symmetrical with 7)
and 9) between half-power points, respectively. The
pulse length was 0.3 ms, implying that krill had to be
separated by at least 0.22 m in range to be delineated as
single targets (Ehrenberg, 1989).
TS measurements of individuals were achieved using a

single-target detection algorithm (Bodholt et al., 1989).
To increase the likelihood of single-target detections, a
multi-tiered algorithm was used to discriminate against
multiple scatterers and noise. Filters were imposed on
the minimum and maximum normalized echo length (0.8
and 1.8, respectively), the minimum allowable TS
("90 dB), the maximum off-axis angle (6)) and maxi-
mum electrical phase jitter between samples inside the
echo pulse (5.625)). Using the split-beam position infor-
mation, beam-pattern effects were removed from all
measurements.
An Isaacs-Kidd Midwater Trawl (IKMT) was used to

collect krill specimens at the end of the experiment

(Devereaux, 1953). The IKMT had a mouth opening
of 5.2 m2 and was outfitted with a net made of
approximately 20 mm mesh nylon tapering to 2 mm
mesh at the codend.

Results
Target strengths measured with both the down-looking
and side-looking transducers increased with increasing
range (Fig. 2a, c), indicating a range-dependent bias.
Two factors contribute to this bias: (1) the inherent
ability of the instrument to distinguish weak targets
decreases with range causing a ‘‘threshold bias’’ (Foote
et al., 1993); and (2) a range-dependent increase in
TS values, approximately proportional to the increase
in sample volume, which may also be expected if the bias
is caused by multiple targets falsely identified as
individuals (Hewitt and Demer, 1991; Demer, 1994;
Soule et al., 1995). For a krill swarm with a homo-
geneous density, a larger sampling volume will contain
proportionately more animals than a smaller sampling
volume. Therefore, a misjudged TS measurement from
a larger sampling volume is likely to include more
scatterers than a misjudged measurement from a smaller
volume.
The probability of accepting multiple targets as indi-

viduals was reduced by only including TS measurements
at ranges less than 25 m (Fig. 3a, c). The sample volume
was further reduced by restricting consideration to those
targets less than 3) off the axis of the acoustic beam (see
Figs 2b, d and 3b, d).

Figure 1. Configuration of transducers showing side-looking 120 kHz split-beam transducer deployed in a dead weight towed
body and a down-looking 120 kHz split-beam transducer mounted in a blister extending approximately 0.5 m from the hull of
the ship.
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The probability density function (PDF) of TS
measurements made with the down-looking transducer
had a mode at approximately "73 dB (Fig. 4b). The
PDF of TS measurements made with the side-looking
transducer was broader with a mode at approximately
"67 dB (Fig. 4d). The PDFs for the TS measurements
expressed as echo amplitude had single modes (Fig.
4a, c), indicative of a uni-modal length-frequency distri-
bution. The mode for side-looking echo-amplitude
measurements was higher and broader than that for
down-looking.
The length-frequency distribution for the krill caught

with the IKMT was bimodal with modes at approxi-
mately 30 and 44 mm; however, the distribution was
dominated by the larger size class (Fig. 5).

Discussion

Animal orientation with respect to the axis of the sound
beam can have a profound effect on TS (Stanton et al.,
1993). Among individual euphausiids within an aggre-
gation, the vertical angle of inclination can be expected
to vary less than the horizontal angle of orientation. Kils
(1981) estimated the average angle of inclination for
Antarctic krill to be 45.3). Endo (1993) observed captive
krill and reported an average angle of inclination of
45.6) with a standard deviation of 19.6). In contrast, the
horizontal angle of orientation with respect to the axis of
the sound beam can range from 0) to 360).
Assuming that krill reflect sound equally when

ensonified perpendicularly from above or from the
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Figure 2. Down-looking (a and b) and side-looking (c and d) in situ measurements of TS versus range from the transducers (a and
c) and versus angle off the axes of the acoustic beams (b and d). Approximately 12 000 measurements of TS were made with the
down-looking transducer, and approximately 7200 measurements were made with the side-looking transducer.
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side at 120 kHz, then the difference in modal TS
may be explained by the angle of orientation to the
sound beam and the threshold of detection. When
viewed from above, krill are not, on average,
orthogonal to the sound beam. When viewed from
the side, however, they have an equal chance of
being orthogonal to the sound beam as any other
angle. In addition, any flexure of the body should
reduce dorsal aspect TS, but have little effect on
lateral aspect TS. Therefore, the echo-sounder will
detect a higher proportion of strong targets from the
side-looking transducer as it will from the down-
looking transducer. This effect will be compounded
by the limited ability of the echo-sounder to dis-
tinguish weak targets. The expected result would be a
broader PDF with a higher mode for lateral aspect

TS measurements than the PDF for dorsal aspect TS
measurements.
The TS measurements presented here agree with these

expectations. Accordingly, the PDF of side-looking
measurements of volume backscattering should have a
higher and broader mode than those made with a
down-looking transducer on the same (or similar)
aggregations of krill.
Two options are available for estimating animal

density from side-looking measurements of volume
backscattering: (1) divide by the observed PDF of
backscattering cross-section (inferred from TS), or (2)
divide by a PDF of backscattering cross-section calcu-
lated from a model incorporating a PDF of observed
animal lengths and a uniform PDF of horizontal angle
of orientation (e.g. Stanton et al., 1993; Chu et al., 1993).
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Figure 3. Trimmed data sets of down-looking (2478) and side-looking (549) in situ measurements of TS versus range from the
transducers (a and c) and versus angle off the axes of the acoustic beams (b and d).
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